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USE OF CD28 -SPECIFIC MONOCLONAL ANTIBODIES FOR PRODUCING A 
PHARMACEUTICAL COMPOSITION FOR TREATING VIRUS INFECTIONS 

Field of the invention 

The invention relates to the application of monoclonal 
antibodies being specific for CD28 and activating T 
lymphocytes of several to all sub-groups without occupying 
an antigen receptor of the T lymphocytes and thus in an 
ant igen - unspe c i f i c manner, or an analogue thereto, . for 
producing a pharmaceutical composition in an embodiment as 
a preparation or preparation package for treating virus 
infections of the human body or the body of a lower warm- 
blooded animal with infected T lymphocytes, to a package 
component with such antibodies or analogues, to a method 
for treating virus infections under application of such a 
composition and to a treatment plan under application of 
such a composition. 

Background of the invention 

The HIV undergoes a life cycle, wherein it may exist in 
different latency stages. A first latency stage is called 
pre-integrative, which means that the HIV has been imported 
in the host cell and submitted at least in part to the 
reverse transcription, however not integrated yet in the 
cell core as a , pro-virus. This pre-integrative latency 
stage may remain latently functional over a multitude of 
weeks until the loss of the functionality. The pre- 
integrative latency requires that the host cell is at rest. 
Another latency stage is designated po s t - i n t e g r a t i v e , which 
means that the HIV as a pro-virus has been integrated in 
the cell core, the host cell however being at rest, for 
instance by d e - a c t i v a t i o n , and thus no virus replication 
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taking place. The p o s t - i n t e g r a t i v e latency is rather stable 
in time and continues to be effective until an activation 
of the host cell. An activation of latent (post or pre- 
integrative) HIV containing host cells takes place by 
5 various stimuli, with the consequence of the activation of 
the virus replication, too, the host cell being destroyed 
and the virus being released in the body liquid. The above 
explanations apply in principle to all retro viruses. A 
virus in a latent stage will be called a latency virus in 
10 the following. 

Previous therapy approaches with reverse transcriptase 
inhibitors and possibly protease inhibitors suppress the 
virus multiplication after activation of the latency virus. 
Thus free HIV under therapy will disappear from the 

15 circulation, leukocytes" at rest however will continue 
containing latency viruses (T.W. Chun et al., Proc. Natl. 
Acad. Sci. USA, 9 4:13 1 93 - 13 1 9 7 (1 9 9 7); D. Finzi et al., 
Science, 278: 1295-1300 (1997); J.K. Wong et al., Science, 
2 7 8:1291-1295 (1997)) . The consequence is a r e - app e a r a n c e 

20 of replication-capable viruses when the therapy is 
interrupted (M.D. de Jong et al., AIDS, ll:F79-84 (1997)), 
and the disease goes on. The therapy with reverse 
transcriptase inhibitors and possibly protease inhibitors 
is however toxic, and a necessary lifetime treatment is 

25 therefore limited or critical. Further, the treatment with 



reverse 



transcriptase 



inhibitors 



and 



possibly^ protease 



inhibitors underlies high costs. 
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State of the art 

-r 

As a consequence of the above basic problems it has been 
suggested to make accessible latent HIV of the therapy by 
reverse transcriptase inhibitors and possibly protease 
5 inhibitors by the simultaneous treatment with immune- 
stimulating agents activating the latent HIV ("flush-out"; 
O.J. Cohen et al., J . Am. Med. Assoc., 280:87-88 (1998); J. 
Cohen, Science, 2 7 9:1854-1855 (1998); D.D. Ho, Science, 
280: 1866-1867 (1998); L.K. Schrager et al . , J. Am. Med. 

10 Assoc., 280:67-71 (1998)). Particularly in the document 
T.W. Chun et al., Nature Medicine, Volume 5, Number 6, pp. 
651-655 (1999) is shown that by using the T cell growth 
factor Interleukin- 2 (IL-2) together with the HA ART therapy 
(see below) , a significant reduction of the amount of 

15 r ep 1 i ca t i on - compe t ent HIV is found in the T lymphocytes at 
rest. However, the largest portion of CD 4 T lymphocytes 
does not express receptors for the growth factor IL-2. 
These cells and thus the latent HIV contained therein 
cannot therefore be accessed by administering IL-2. The 

20 above basic problems will therefore persist and are at most 
slightly reduced. Further, the administration of IL-2 has 
substantial disturbing side effects further questioning the 
success of such a strategy. 

The most common therapy under the application of reverse 
25 transcriptase inhibitors is the HAART therapy^ ("highly 
active anti-retroviral therapy"). It consists in the 
combined application of two reverse transcriptase 

inhibitors, e.g. the nucleoside analogue AZT (or 
zidovudine) and 3TC (or lamivudine), together with one or 
30 more protease inhibitors. An example for a protease 
inhibitor is IDV (indinavir) . With regard to the HAART 
therapy, the substances used and the treatment plan, 
reference is made to the following documents: J. Laurence, 
HAART Regiments: Do the effects last? in the AIDS Reader 
35 7 ( 6 ) : 84 - 8 5 ( 1 99 7); R.M. Gulick et al., N. Engl. J. Med., 
33 7:73 4 - 73 9 ( 1 997 ); S.M. Hammer et al., N. Engl. J. Med., 
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337: 725-733 (1997); and F.J. Jr. P a 1 e 1 1 a e t a 1 . , N. Engl. 
Med., 3 3 8:8 5 3 - 8 6 0 (1 9 9 8) . Further examples for suitable 
reverse transcriptase inhibitors are the nucleoside 
analogues d4T (stavudine), ddl (didanosine) and ddC 
5 ( zalcitabine) as well as the non - nu c 1 e o s i d e analogues DLV 
( de 1 avi r di ne ) and NVP ( n e v i r a p i n e ) . Further examples for 
suitable protease inhibitors are NFV (nelfinavir) , RTV 
(ritonavir) and SQV (saquinavir) . 

From document WO 98/54225 monoclonal antibodies well 
10 tolerated for human beings and being specific for human 
CD28 and activating human T lymphocytes of several or all 
sub-groups without occupying an antigen receptor of the 
human T lymphocytes and thus in an a n t i g e n - un s p e c i f i c 
manner are known in the art. With regard to further 
15 background information, reference is made to the citations 
listed in this document. It is also known from this 
document to use these monoclonal antibodies for treating 
diseases with pathologically reduced CD 4 T cell counts, as 
for instance AIDS. The background of this application is 
20 that by means of these antibodies the CD4 T cell counts can 
be increased again. An association with the administration 
of reverse transcriptase inhibitors and possibly protease 
inhibitors is not claimed. The document WO 98/54225 is 
therefore explicitly and to full extent referred to. 

25 
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Object of the invention 

With regard to the closest state of the art according to 
T.W. Chun et al . , Nature Medicine, Volume 5, Number 6, pp. 
6 51 - 655, it is the object of the invention to develop a 
5 pharmaceutical composition or a treatment plan, by means of 
which on one hand at least the largest part of the HIV 
latency viruses, if not all of them, are activated (and 
thus made inhibitable by virus inhibitors and finally de- 
stroyable), and on the other hand the side effects are 
10 r e du c e d . 



Basic principles of the invention 

The invention teaches . the application of monoclonal 
antibodies being specific for CD28 and activating T 

15 lymphocytes of several to all sub-groups without occupying 
an antigen receptor of the T lymphocytes and thus in an 
a n t i g e n - un s pe c i f i c manner, or an analogue thereto, for 
producing a pharmaceutical composition in an embodiment as 
a preparation or preparation package for treating virus 

20 infections of the human body or the body of lower a warm- 
blooded animal with infected T lymphocytes, wherein the 
pharmaceutical composition further contains a virus 
inhibitor. It is understood that the drug components are 
applied in ph a r ma c e u t i c a 1 1 y effective doses. 

25 The invention further teaches a pharmaceutical composition 
in an embodiment as a preparation or preparation package, 
with pharmaceut i cal ly effective doses of the drug 
components: a) preferably monoclonal antibodies well 
tolerated for human beings, preferably being specific for 

30 CD28, preferably human CD28 and activating T lymphocytes, 
preferably human T lymphocytes, of several to all sub- 
groups without occupying an antigen receptor of the T 
lymphocytes and thus in an a n t i g e n - un s p e c i f i c manner, or an 
analogue thereto; b) a virus inhibitor, preferably a 




reverse transcriptase inhibitor, c) as an option a reverse 
transcriptase inhibitor being different from b); d) as an 
option a protease inhibitor; e) as an option a protease 
inhibitor different from d). In addition to the drug compo- 
5 nents named above, further drugs and/or substances being 
suitable or necessary for the galenic preparation may be 
contained . 

The invention further teaches a package component of a 
preparation package containing the drug component a) . 

10 The invention further teaches a method for treating virus 
infections with lentivirus, in particular HIV, wherein a 
pharmaceutical composition is administered to a human body 
or the body of a lower warm-blooded animal attacked by the 
infection, or a method for treating virus infections with 

15 lentivirus, in particular HIV, wherein are administered to 
a human body or to the body of a lower warm-blooded animal 
the following drug components in ph a r ma c e u t i c a 1 1 y effective 
doses: a) preferably monoclonal antibodies well tolerated 
for human beings and being specific for CD28, preferably 

20 human CD28 and activating T lymphocytes, preferably human T 
lymphocytes of several or all sub-groups without occupying 
an antigen receptor of the human T lymphocytes and thus in 
an ant i gen - un spe c i f i c manner, or an analogue thereto, b) a 
virus inhibitor, preferably a reverse transcriptase 

25 inhibitor, c) as an option a reverse transcriptase 
inhibitor different from b), d) as an option a protease 
inhibitor, e) as an option a protease inhibitor different 
from d ) . 

The invention 'further teaches an application of a 
30 preferably monoclonal antibody a) well tolerated for human 
beings and being specific for CD28, preferably human CD28 
and activating T lymphocytes, preferably human T 
lymphocytes of several or all sub-groups without occupying 
an antigen receptor of the T lymphocytes and thus in an 
35 an t i gen - un spec i f i c manner, or an analogue thereto, and a 



virus inhibitor b) , preferably a reverse transcriptase 
inhibitor in the "form of a mixture or of spatially sepa- 
rated compositions, one of those containing the drug 
component a) and the other one containing the drug 
5 component b) , as a means for application during the 
treatment of virus infections with Antiviruses, in 
particular AIDS, in human beings or lower warm-blooded 
animals according to a treatment plan comprising one or 
more cycles, the treatment plan comprising the following 
10 steps: i) first the drug component b) is continuously 
administered in a pha r ma c eu t i c a 1 1 y effective dose, ii) 
after a given time duration of step i) the drug component 
a) is administered in a pha r ma c e u t i c a 1 1 y effective dose, 
with continued administration of the drug component b), 
15 iii) as an option step ii) will be repeated once or several 
times after a given break period, with continued 
administration of the drug component b) . In this 
application, an administration of the drug component a) may 
be provided prior to step i) . 

20 The invention is firstly based on the finding that by the 
activation of a large part of the T lymphocytes, viruses at 
rest (latency viruses) are also activated and are thus made 
destroyable by virus inhibitors, in particular reverse 
transcriptase inhibitors (and/or protease inhibitors) . 

25 Further, the invention is based on the surprising finding 
that the parallel application of (toxic) reverse tran- 
scriptase inhibitors, for instance of the (toxic) HAART 
therapy, does not disturb the activation of the T 
lymphocytes. This has, as a result, a double meaning and 

30 therefore a synergistic effect. On one hand, the activation 
of a large part of the T lymphocytes is secured, in spite 
of the parallel HAART therapy, with the consequence of the 
destruction of practically the complete latency virus 
reservoir by the HAART therapy. On the other hand, 

35 simultaneously the anyway pathologically reduced number of 
T lymphocytes is increased again, with the consequence of a 
stabilization of the immune system. Further, by the means 
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a c co r d i ng 



to 



the 



invention, 



pre s umab 1 y 



non - T 



cell 



reservoirs for latency viruses (for instance macrophages) 
are also activated indirectly by the strong general 
stimulation of the immune system or of the T cells with the 
corresponding cykotine release, and thus these viruses can 
also be activated and destroyed, another synergy. 

At last it is achieved that not only the free virus is 
virtually completely eliminated, but also virtually the 
complete latency virus reservoir is made accessible by 
activation of the destruction. Therefore the HA ART therapy 
needs not be performed for the whole life, at least however 
only in very large time intervals. Another surprising 
advantage over the closest state of the art is that the 
antibodies used according to the invention do not seem to 
generate any side effects, as could be seen from animal 
tests. In total, a substantially more effective elimination 
of the virus is achieved, together with a clearly better 
feeling of the patient already during the therapy. 

In this context it may be noted that with the monoclonal 
antibodies used according to the invention actually all CD 4 
T cells can be excited to proliferation. Only a sub- 
population of CD8 T lymphocytes not expressing CD28 cannot 
be activated by activating C D 2 8 - s p e c i f i c reagents. However, 
this is not a substantial reservoir of HIV, since the 
primary receptor for the HIV is the CD4 molecule. 

De f i n i t ions 

As monoclonal antibodies are designated antibodies being 
produced by hybrid cell lines (so-called hybridoms) having 
in turn been generated by fusion of a B cell producing 
antibodies of animal or human origin with a suitable 
myeloma tumor cell. In this description, the term 
monoclonal antibodies includes the derivatives thereof, 



too. 
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CD28 is a cell surface molecule of known amino acid 
sequence expressed on T lymphocytes of human or animal 
origin, said molecule having received the abbreviation CD28 
from the Human Leukocyte Typings Workshop. 

Activation of T lymphocytes means the increase of the 
metabolic activity, the increase of the cell volume, 
synthesis of immunologically important molecules and 
initiation of cell division (proliferation) of T 
lymphocytes upon an external stimulus. 

For instance, these processes are initiated by the 
occupation of the CD28 molecule on T cells by special CD28- 
specific monoclonal antibodies. The activation of T 
lymphocytes with the described side effects is part of the 
physiological immune reaction, control may however be lost 
there in pathological situations ( 1 ymp h o p r o 1 i f e r a t i v e 
diseases), or the reaction may be insufficient 

(immunodeficiency) . 

Constant components of an antibody are sections not being 
important for antigen detection, in contrast to the 
variable sections defining the antigen specificity of an 
antibody. Constant components are however different for 
antibodies of different types, and consequently also for 
animals and human beings. The constant components of an 
antibody have to correspond to those of an organism to be 
treated with the antibodies, in order to be well t'olerated. 

Derivatives of monoclonal antibodies are modifications of 
the monoclonal antibody having been generated by 
conventional biochemical or gene manipulations. This is for 
instance the case for the humanization of a monoclonal 
antibody of the mouse by partial replacement of structural 
(constant) components of the mouse antibody by those of a 
human antibody. Derivatives are further monoclonal antibod- 
ies being chemically modified, nevertheless however 
fulfilling the functions described in this invention. A 




common criterion is always the C D 2 8 - s p e c i f i c i t y with a 
stimulating effect. 

Analogues are substances not being monoclonal antibodies, 
however fulfilling the functions described in this 

5 invention. Examples are the "tailored" highly specific 
synthetic proteins or RNA or DNA molecules (e.g. aptamers, 
in particular aptamers stabilized against nucleic acid 
dissociating enzymes or RNA or DNA molecules). A common 
criterion is always the CD28 specificity with a stimulating 

10 effect . 

A determinant is the section of a molecule defined by the 
binding specificity of one or more antibodies. 

The term therapeutically active dose designates, in 
conjunction with virus inhibitors, for instance reverse 

15 transcriptase inhibitors being different (as an option 
protease inhibitors), a dose that leads to a significant 
reduction of the amount of r e p 1 i c a t i o n - c a pa b 1 e viruses for 
a given time period after administration of the virus 
inhibitors to a patient or in a test system, compared to 

20 the amount of r e p 1 i c a t i o n - c a p a b 1 e viruses after the same 
time and with the same initial amount of replication-ca- 
pable viruses, however without any administration. 

The term therapeutically active dose designates, in 
conjunction with antibodies used according f to the 

25 invention, a dose leading to a significant increase of the 
CD4 T cell counts and/or expression of serologically 
detectable activation markers (CD25, CD45R0, CD71) after a 
defined period o£ time in an organism or test system to 
which the antibodies were administered, compared to the 

30 respective values after the same period of time and 
identical initial values, however without any 

administration . 

Well tolerated for human beings are antibodies being 
humanized. It may be noted here that antibodies not being 
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humanized and consequently not covered by the definition 
given here for antibodies well tolerated for human beings 
may nevertheless be used for the therapy of human beings. 
For the therapy of human beings thus all antibodies may be 
5 used that do not cause any immune reactions over a given 
period of time, as for instance detectable by determination 
of an t i - immunog 1 obu 1 i n antibodies as stopping criterion. 

As a virus inhibitor is designated every drug directly or 
indirectly inhibitingly affecting an arbitrary phase of the 

10 life cycle of a virus. In addition to reverse transcriptase 
inhibitors and protease inhibitors, for instance inhibitors 
of the cell surface receptors are also possible where a 
virus docks, or inhibitors of all positively regulatory 
proteins or processes of a virus, including inhibitors of 

15 cellular positively regulatory substances acting on the 
long terminal repeats of a virus. In principle, such drugs 
are also possible that are no inhibitors, but induce 
negatively regulatory proteins or processes of a virus; 
such drugs are also covered by the term virus inhibitor. 

20 The term of continuous administration of a drug b) and/or 
c) and/or d) and/or e) means that a (per se possibly 
discontinuous) treatment plan to be applied to this 
component is executed in a continuous manner. Insofar the 
term continuous administration also comprises, for instance 

25 for the HAART therapy, a variation and individual 
adaptation of the drug or the dosage thereof following the 
continuous administration. 



Detailed representation of the invention 

30 In the following, suitable or preferred embodiments of the 
invention are listed and described in more detail. 

Preferred is the application according to the invention for 
producing a pharmaceutical composition for treating 
diseases, wherein CD4 T lymphocytes, in particular human 
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CD 4 T lymphocytes, are infected, and wherein the monoclonal 
antibodies are specific for human CD28 and the monoclonal 
antibodies are as an option well tolerated for human be- 
ings. When treating infections of human CD4 T lymphocytes, 
5 that is a human being, the antibodies have to be specific 
for human CD28, not necessarily however well tolerated for 
human beings. The invention can for instance be used when 
the virus infection is an infection caused by retrovirus, 
in particular lentivirus, for instance HIV. 

10 It is suitable if the virus inhibitor is a reverse 
transcriptase inhibitor, preferably a pyrimidin nucleoside 
analogue, most preferably 3 1 -azido-3 1 -desoxythymidine (AZT 
or zidovudine) , and as an option further other nucleoside 
analogues different therefrom, preferably 3TC, are included 

15 in the pharmaceutical " composition. The pharmaceutical 
composition may in addition contain a protease inhibitor 
and as an option further additional other protease 
inhibitors different therefrom. With a drug combination of 
at least two reverse transcriptase inhibitors and as an 

20 option at least one protease inhibitor operates the HAART 
therapy . 

Monoclonal antibodies used according to the invention are 
available in various ways. A suitable version according to 
the embodiments is available by A) a generation of hybridom 

25 cells capable of producing monoclonal human CD 2 8 - s pec i f i c 
animal antibodies by an immunization with non-T tumor cell 
lines on which human CD28 is expressed, B) if applicable, a 
humanization of the monoclonal animal antibodies available 
from hybridom ce^ls according to step A by biochemical or 

30 gene- technological exchange of constant components of the 
animal antibodies by analogous constant components of a 
human antibody or exchange of genes of the hybridom cells 
corresponding to the components, C) secernation of the 
monoclonal antibodies in hybridom cultures and isolation of 

35 the monoclonal antibodies therefrom or production of the 
monoclonal antibodies by injection of the hybridom cells 
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into animals, for instance mice, and isolation of the 
monoclonal antibodies from the body liquid of the animals. 
The hybridom cells suitable for the production of mono- 
clonal animal antibodies specific for human CD28 are 
available by a) a generation of a plasmid by means of 
insertion of human CD28 cDNA into the pHpApr-l-neo vector 
after excision of the Sall-Hindlll fragment and production 
of protoplasts from Escherichia coli (MC1061) carrying the 
plasmid, b) a fusion of the protoplasts with mouse A20J 
and/or L 9 2 9 tumor cells by means of polyethylene glycol, c) 
a cultivation of the cells obtained in step b, d) a 
screening of the transfected mouse A20J and/or L 9 2 9 cells 
on the expression of human CD28 and selection of mouse A20J 
and/or L 9 2 9 cells expressing human CD28, e) an immunization 
of BALB/c mice with the mouse A20J and/or L 9 2 9 cells 
expressing human CD28, f) a removal of spleen cells of the 
mice thus immunized and a fusion of the spleen cells with 
cells of the cell line X63-Ag 8.6 53 by means of polyeth- 
ylene glycol, g) a selection of the hybridom cells thus 
obtained such that in the remainder of selected hybridom 
cells there are contained antibodies binding to mouse A20J 
and/or L929 cells expressing human CD28, and h) a 
cultivation/sub-cloning of the hybridom cells obtained in 
step g. in place of steps a) to d) other expression systems 
accessible to the man skilled in the art may of course also 
be employed. Human CD28 is freely available from Dr. A. 
Aruffo and Dr. B. Seed having published the sequence and 
also the following document: Aruffo, A., and Seed, B., 
1 9 87, "Molecular cloning of a CD28 cDNA by a high 
efficiency COS cell expression system", Proc. Natl. Acad. 
Sci. USA, 8 4:8 5 7 3. From this document can therefore be 
taken details about the production of the human CD28 cDNA. 
Further, every man skilled in the art may very easily and 
quickly produce a human CD28 cDNA clone by means of the 
sequence laid down in the gene bank and of the polymerase 
chain reaction. The pHfApr-l-neo vector is freely available 
from the authors of the document Gunning, P. et al., 1987, 
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"A human 0-actin expression vector system directs high- 
level accumulation of antisense transcripts", Proc. Natl. 
Acad. Sci. USA, 84:4831. "neo" is used for neomycin 
resistance. The step c) is performed therefore in presence 
of neomycin. The above cell lines and/or micro-organisms 
are freely available and commercially obtainable from the 
American Type Culture Collection (ATCC) . With regard to 
Escherichia coli (MC1061) reference is made to the document 
Meissner, P.S., et al., 1987, "Bacteriophage gamma cloning 
system for the construction of directional cDNA libraries", 
Proc. Natl. Acad. Sci. USA, 84:4171. 

The basic approach for the production of hybridom cells, 
the humanization and the generation of the monoclonal 
antibodies from (humanized) hybridom cells is well known to 
the man skilled in the art and needs not be explained here 
in more detail. Basically, all cell lines, in particular 
the cell lines being usual for the production of hybridom 
cells, being known and being freely accessible, can be 
used. For the production of the monoclonal antibodies, 
beside the approach described below, in principle the 
recombinant expression well known to the man skilled in the 
art is applicable. 

However, applicable monoclonal antibodies are available in 
other ways, too. For instance, the immunization in step A) 
may take place against soluble or dissolved recombinant 
human CD28. The humanization may be made dispensable by 
'using, for the production of the hybridom cells, animals 
being modified by gene technology in such a way that the 
generated antibodies already comprise the human constant 
components. A completely different approach for the 
production of monoclonal antibodies is that the antigen 
binding domains of (for instance human) antibodies are 
expressed by gene technology in a highly complex 
bacteriophages library, wherefrom suitable binding domains 
are isolated by their affinity to CD28, and can be expanded 
to complete antibodies. 
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With regard to the pharmaceutical composition, the drug 
components b) to e) can be selected, dosed and made ready 
for administration corresponding to the HA ART therapy. In 
principle, all existing and future variants of the HAART 

5 therapy or of another therapy can be used, as long as the 
activating effect of the monoclonal antibodies is not 
(over-) compensated by one or more drug components. For the 
existing therapy approaches it is often promising when the 
drug component b) is a pyrimidin nucleoside analogue, 

10 preferably 3 ' - a z i d o - 3 » - d e s oxy t hy mi d i n e , and/or the drug 
component c) is 3TC, and/or the drug component d) is 
provided in a conclusive manner. With regard to a variant 
of a treatment plan according to the invention, it may be 
useful if the drug components b) to e) are part of a first 

15 package component, and the drug component a) is part of a 
second package component . 

When using the invention in a treatment method, the drug 
components b) to e) can be selected, dosed and administered 
according to the HAART therapy, the drug component a) being 

20 administered before, together with or after the drug 
components b) to e). In detail, the drug components b) to 
e) may be administered continuously and the drug component 
a) once or several times in intervals with breaks. The drug 
component b) may be a pyrimidin nucleoside analogue, 

25 preferably 3 1 -azido-3 1 -desoxythymidine , and/or the drug 
component c) may be 3TC, and/or the drug component d) may 
be provided in a conclusive manner. 

For a treatment plan according to the invention, the 
administration of, the drug component b) may take place by a 

30 treatment sub-plan being the HAART therapy. First the HAART 
basic therapy is performed over a period of time of 1 to 12 
months, preferably 2 to 6 months, most preferably 2 to 4 
months, for instance 3 months (1 month = 30 days). During 
this time the CD 4 T cell counts and/or virus load and/or 

35 latency virus can regularly be examined (for instance 
corresponding to the document T.W. Chun et al., Nature, 
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387:183-188 (1977)), and on the basis of these results the 
HAART therapy may be adapted individually to the patient 
(by selection or exchange and combination of the reverse 
transcriptase inhibitors and/or protease inhibitors and of 
the respective doses). In a first cycle, a preferably 
intravenous injection in a dose of 0.1 to 50, preferably 
0.5 to 20, most preferably 0.5 to 5 mg/kg body weight can 
then be performed, while maintaining the HAART therapy. The 
above dose may be administered once or in 2 to 10, 
preferably 2 to 5 parts over a period of time of 1 hour to 
1 month, preferably 1 day to 5 days, in a regular or 
irregular distribution. In a break following thereupon 
(while maintaining HAART) of 1 day to 6 months, preferably 
0.5 to 2 months, for instance 1 month, a supervision of the 
values mentioned above for the basic therapy and/or of the 
blood picture and/or the blood values and/or clinical- 
internistic results and/or the creation of anti- 
immunoglobulin antibodies (anti-animal Ig for non- 
humanized, ant i - idiotypical after huma n i z a t i on ) . After the 
rest break the cycle may if necessary be repeated, 
beginning with the administration of the antibody. When 
PBMC (lymphocytes and monocytes) are free from virus, 
latency virus and pro-virus, with the patient's agreement a 
lymph node biopsy may be performed for verification. In 
case of a positive result (positive = detection of virus or 
latency virus or pro-virus) further cycles of the above 
kind may be added. In case of a negative result, the 
administration of HAART drugs and of antibodies may be 
terminated. It is recommended to perform further control 
checks of the above kind in certain time intervals after 
termination, in order to restart the treatment if 
necessary. The above explanations apply in a corresponding 
manner to a treatment method. 

For the invention can be used for instance the monoclonal 
antibody CMY-2, available from hybridom cells according to 
deposit DSM ACC2353, or the clone ANC28.1/5D10 commercially 
available from ALEXIS Deutschland GmbH, D-35305 Gruenberg 



17 



,061802 



and produced by Ancell Corporation, USA, or a preferably 
humanized or human-tolerated variant of the clone 
ANC2 8 . 1 / 5D1 0 . 

Monoclonal antibodies employed according to the invention 
may in particular have specificity for determinants of the 
human CDN28 molecule, which are difficult to access on the 
naturally expressed CD28 molecule, and the occupation 
thereof by the monoclonal antibodies will lead to the 
activation of the T cells. 

The galenic preparation of drug components or of mixtures 
thereof for the various administration types is well known 
to the man skilled in the art and needs not be explained 
here in more detail. 

Explanations given to a claim category apply in a 
corresponding manner to the subject matters of the other 
claim categories. 

As an option, for the invention, additional drugs may be 
present or be used, such substances differing from the 
drugs mentioned above and used according to the basic 
concept of the invention. Such additional drugs are for 
instance drugs acting against possible side effects. Just 
as examples are here mentioned anti-TNF antibodies (TNF » 
tumor necrosis factor) in the case of pr o - i n f 1 amma t ory TNF 
reaction. Additional drugs are further substances being 
helpful in conjunction with the expansion of the immune 
system. For instance, by administration of I L - 2 , the 
proliferation of CD8 cells can be induced or increased. 
Generally, i mmu no - modu 1 a t i ng drugs may be used, according 
to the immunological (detail or side) process that is 
suitably promoted (or inhibited) according to the 
invention. Examples here are oligonucleotides containing 
CpG motives (D. Klinman et al. , Proc. Natl. Acad. Sci. USA, 
93:2879-2883 (1996)). 
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In the following, the invention will be described in more 
detail, based on examples of execution. Among other 
matters, the production of monoclonal antibodies used 
according to the invention is explained. In these 
5 embodiments, screening methods are also made clear by means 
of which monoclonal antibodies according to the invention 
or basic hybridom cells can be selected. In the following 
examples, the therapeutical effects can be seen. 



10 Example 1: Production and activity of a first monoclonal 

antibody to be used according to the 
i nven t ion. 

1.1 General information. 

The represented experiments and the examples about the 
15 activities of "direct" C D 2 8 - s p e c i f i c monoclonal antibodies 
have been made in the animal model of the rat, wherein as 
an example for a "classic" CD28 -specif ic antibody the 
monoclonal antibody JJ319 is used, and as an example for a 
"directly" activating monoclonal antibody the monoclonal 
20 antibody JJ316. Both antibodies are freely accessible and 
available from Pharmingen Co., San Diego, USA. JJ319 and 
JJ316 are further available according to the document M. 
Tace et al., Immunology, 19 95 , 154: 5 12 1 - 512 7 to which 
reference is explicitly made here, also with regard to the 
25 production of hybridom cells and monoclonal antibodies. 



1.2 Production od monoclonal antibodies. 

In this example, the production of monoclonal antibodies 
according to the invention, this means human CD 2 8 - s p e c i f i c 
30 monoclonal antibodies, is described in more detail. These 
are also called CMY-2 in the following. Human CD28 from a 
cDNA library was expressed in an recombinant manner in A20J 
and/or L929 cell lines. Firstly, for this purpose, a plas- 



19 



D£» JLSOi 



mid was generated by means of insertion of human CD28 cDNA 
into the pH|3Apr - 1 - neo vector after excision of the Sall- 
HindHI fragment- From Escherichia coli (MC1061) 

protoplasts carrying the plasmid were produced. Then took 

5 place a fusion of the protoplasts with mouse A20J and/or 
L929 tumor cells by means of polyethylene glycol. The 
transfected cells thus obtained were cultivated in a usual 
manner. Then followed a screening of the transfected mouse 
A20J and/or L 9 2 9 cells on the expression of human CD28 and 

10 selection of mouse A20J and/or L929 cells expressing human 
CD2 8 . 

The detection of the successful expression was made by 
means of a conventional commercially available, 

f luorescence -marked antibody with specificity for human 

15 CD28 ( 9 . 3 -phycoery thr in) . As a negative check, non- 
transfected A20J and L9 2 9 cells were colored with the same 
antibody. The t r a n s f e c t a n t s (A20J-CD28 and L929-CD28) 
showed a higher fluorescence intensity. Since not all cells 
were CD28 -posit ive , CD 2 8 - po s i t i ve cells were sub-cloned and 

20 used for immunization. As can be seen in F i g ^ 1^ from the 

displacement of the dot clouds towards top in the two 
right-hand diagrams, these cells reacted with the 
commercial antibody, that means, expressed human CD28 at 
their surface. 

25 The A20J human CD28 cell line was used for the immunization 
of BALB/c mice. Cell fusion and screening were performed as 
follows: i) Immunization of BALB/c mice with the mouse A20J 
cells expressing human CD28 (6 IP injections and then 1 
IV). ii) Extraction of spleen cells of the thus immunized 

30 mice and fusion of the spleen cells with cells of the cell 
line X53-Ag 8.653 by means of polyethylene glycol. iii) 
Selection of the thus obtained hybridom cells such that in 
the remainder of selected hybridom cells there are 
contained antibodies binding to mouse A20J and/or L929 

35 cells expressing human CD28. 
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As a read-out was used the coloration of CD28 transfected 
and un- transfected mouse L929 tumor cells. F ig- 2 shows 
that thus isolated monoclonal antibody CMY-2 differentiates 
transfected and u n - t r a n s f e c t e d cells by fluorescence 

5 intensity. The differential screening for antibodies 
against human CD28 takes place as follows. 50 nl remainder 
each of cultivated cell hybridoms were taken and incubated 
for 15 min with a mixture of L92 9 cells and L9 2 9 -CD28 
transf ectant s . After washing, the cells were colored with 

10 DaMIg-PE. Part A shows the negative check. The cells were 
incubated with DaMIg-PE only. Part B shows the coloration 
with a remainder being slightly positive, but does not show 
any difference between the two cells. Part C shows the 
cells colored with a remainder of CMY-2. 

15 In not shown experiments, peripheral human blood cells were 
colored with the newly isolated CMY-2 and the "classic" 
CD2 8 - speci f ic antibody 9.3. An identical expression pattern 
was found on the s ub - popu 1 a t i on s of human blood cells. 

As a summary, the experiments show that CMY-2 is a human 
20 CD28-specif ic antibody. 

Then CMY-2 was tested with human T lymphocytes enriched 
from peripheral blood to approx. 80 % for classic co- 
stimulating and to "directly" stimulating activity. The T 
cell proliferation was measured by integration of H 
25 thymidine between the second and third day of the* culture. 
The following results were obtained: 

Costimulation : 

Unstimulated cell's 2 7 6 cpm 

CD3 -specif ic antibodies 3,111 cpm 

30 CD3-specific antibodies + CMY-2 51,676 cpm 

Direct stimulation: 



Solid phase anti-mouse Ig 
Solid phase anti-mouse Ig 



+ control- mAb 



2 



3 7 9 cpm 
5 8 cpm 
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Solid phase anti-mouse Ig + plus CMY-2 19,115 cpm 

For explanation: Anti-CD3 causes T cell receptor 
stimulation (CD3 is part of the TCR complex) . CMY-2 was 
used in the form of a not purified culture remainder (50 * 
final volume). According to experiences, the effective mAb 
concentration to be expected is sub-optimum for a direct 
activation, however sufficient for the co s t i mu 1 a t i on . The 
experiment shows that CMY-2 has directly activating prop- 
erties . 

Hybridom cells producing CMY-2 have been deposited at the 
DSMZ, Deutsche Sammlung von M i kr o o r g an i s me n und 

Zellkulturen GmbH, Mascheroder Weg lb, D-38124 

Braunschweig, under number DSM ACC2353 (20 May 1998). 



1.3 Proliferative response to the antibody of 1.2. 

Fig. 3 shows the proliferative response to unseparated 

T^m^h - node cells of the rat to the "directly" stimulating 

CD28 specific monoclonal antibody (JJ316) and the absence 

of such a response when using a "classic" C D 2 8 - s p e c i f i c 

monoclonal antibody (JJ319). The cells were cultivated for 

two days in 0.2 ml medium (RPMI 1640, available from 

GIBCO/BRL, containing 5 % FCS [fetal calf serum] in presence 

and absence of the mentioned additions at a density of 1 

million cells per ml in a gassed incubator. 'The cell 

division activity was determined by integration of 

radioactive-marked thymidine (1 uCi/ sample for 16 hours, 1 

Ci = 37 GBq , determination with p detector) . 

• 

In contrast to published results (Stiefken et al., Cellular 
Immunology, 1997, 176:59-65), this result shows that it is 
not necessary for the T cell activation by directly 
activating CD28 - specif ic monoclonal antibodies to 

artificially, cross-link these by a second antibody. Rather, 
the presence of non-T cells from lymphoid organs, namely of 
B lymphocytes and so-called accessory cells is sufficient 
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to permit a direct activation by CD 2 8 - s p e c i f i c monoclonal 
antibodies added in a dissolved state. Probably, this takes 
place by binding of the monoclonal antibodies to so-called 
FC receptors of these non-T cells. This result is an 
important condition for the therapeutical application of 
"directly" stimulating C D 2 8 - s p e c i f i c monoclonal antibodies, 
wherein an artificial c r o s s - 1 i n k i ng with a n t i - i mmunog 1 obu - 
lin antibodies in the complete organism cannot be 
p e r f or me d . 

"Directly" activating CD 2 8 - s p e c i f i c monoclonal antibodies 
lead to an increase of the CD 4 T cell count in the intact 
organism. Fig. 4 shows this for the lymph nodes of the rat 
having r e c e iTi~d per day 0.1 mg of the "directly" 
stimulating C D 2 8 - s p e c i f i c monoclonal antibody (JJ316) or of 
the "classic" CD28-specif ic monoclonal antibody (JJ319). 
With the monoclonal antibodies directly activating 
according to the invention with specificity for human CD28 
and their capability to simulate the increase of the T 
lymphocytes count, analogous effects are achieved. In the 
present example the CD4 T cell count is only temporarily 
increased; the reason for this is that healthy animals were 
treated with normal CD4 T cell counts. The "excessive" 
cells due to proliferation stimulation were eliminated by 
homeostatic mechanisms. 

The above results explained in detail show ^ that an 
activation of the T lymphocytes takes place, and that 
without the necessity of further drugs. 



Example 2: Application of antibodies used according to 

the invention in conjunction with the HAART 
therapy . 



2.1 General information. 
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In the experiments described below, instead of the 
monoclonal antibody described in example 1, the antibody 
clone ANC28.1/5D10 of Ancell Corporation, USA, distributed 
by ALEXIS Deutschland GmbH, Giessener Str. 12, D. 3 53 05 
Gruenberg, was used. It is known, with regard to these 
antibodies, that they induce IL-2 in DC28 -positive cells. A 
proliferation-inducing activity of this antibody has how- 
ever not yet been described. This antibody will be called 
in the following "aCD2 8" . In the following experiments, a 
monoclonal antibody not being directly stimulating, namely 
CD28.2, is used for comparison purposes. 



n 



a 



The experiments were performed, unless otherwise stated, i 
human PBL or in PBL of rhesus monkeys. This cell culture 
sampling comes close to the situation of a complete 
organism, since the stimulating antibody is added in 
dissolved manner, as provided for a therapy. 

In all proliferation experiments, measurements were taken 
by a pulse of 1 uCi 3 H thymidine for 16 hours between day 3 
and day 4 and detection by means of a P detector. 

Unless stated otherwise, cells were cultivated in 0.2 ml 
medium (RPMI 1640, available from GIBCO/BRL, containing 5 % 
human AB serum) with a density of 1 million cells per ml in 
the gassed incubator. 



25 2.2 Induction of T cell proliferation in peripheral blood 
lymphocytes and/or monocytes (PBMC) by aCD28. 

In Fig. 5 are shown experiments with regard to the extent 
of the activation of the proliferation of CD4 T cells. The 
detection takes place by immunofluorescence and flow 
cytophotometry (FACS) on day four after stimulation of the 
cells in vitro. Fig. 10a shows so-called "dotplots", 
wherein the CD 4 T cells are defined by a gate (R2) (they 
express CD3 and CD4 ) . In Fig. 10b is shown in a histogram 
the coloration of these CD4 T cells with a monoclonal 
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antibody against the transferrin receptor. The expression 
of this surface receptor characterizes proliferating cells. 
It can be seen that in a large part, namely > 90 %, of the 
CD4 + T lymphocytes the proliferation is (directly) induced 
by aCD28. The examinations were performed with 5 ug/ml 
aCD2 8 . 

In Fig. 6 are shown corresponding representations, however 



without stimulation, as negative checks 



10 2.3= Comparison of the stimulation of the proliferation of 
unseparated PBMC by aCD28 and IL-2. 

Fig.^jZ. shows that the proliferation of unseparated PBMC of 
not infected human donors, measured by the integration of 
3 H-marked thymidine, is stronger by aCD28 than by IL-2. 
15 This shows that more cells are addressed by means of aCD28 
than by the in vivo therapy with HAART and IL-2 according 
to the state of the art. The .cultivation was performed in 
the presence of 5 ug/ml aCD28 or 20 IU/ml IL-2 in 96-well 
round-bottom plates. 

20 It is further important that IL-2 preferentially stimulates 
CDS T lymphocytes for proliferation, whereas by aCD28 in 
particular the CD4 T cells are addressed. This can be seen 
from the data of table I: PBMC of an HIV-infected patient 
were stimulated for three or ten days with IL-2 'or aCD28. 

25 By IL-2, not however by aCD28 resulted a distinct displace- 
ment in favor of CD8 T cells. 



Table I 

after 3 days after 10 days 

30 % CD 4 % CD 8 % CD 4 % CD8 

Medium 5 1 4 9 50 5 0 

IL-2 46 54 27 73 
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aCD2 8 



57 43 62 38 



2.4 : Stimulation of the proliferation of PBMC from virus- 
infected organisms. 

Fig. 8A shows the activating effect of aCD28 on the 
proliferation of PBMC of H I V - 1 - i n f e c t e d persons, F ig. 8 B_ 
the corresponding effect of PBMC from HIV-infected rhesus 
monkeys. An amount of 5 ug/ml aCD28 was used. In all cases, 
strong proliferation could be induced, which was however 
weakest for massive HIV infection. The reason for this 
probably is the simultaneous massive induction of the virus 
count increase and the T cell destruction, which is pre- 
vented in a treatment according to the invention with 
common administration of HAART drugs (see also example 2.6a 
and Fig. 10). 



2.5: Activation of the proliferation in the presence of 
HAART drugs . 

PBL's of an HI V- 1 - infect ed person were not treated and were 
treated with HAART drugs (zidovudine + didanosine + 
saquinavir; 0.1 uM) alone, with aCD28 (5 ug/ml)^ alone or 
with both. After six days, the proliferation was measured. 

In Fig. 9 showing the results, it can be seen that the 
induTTioT of the proliferation by means of aCD28 is not 
affected by the p'resence of HAART. 

2.5a: Promotion of the CD28, not however of the IL-2 
induced T cell proliferation. 

PBMC of an HI V - 1 - infect ed patient were stimulated as 
described above. The proliferation was measured from day 3 
to day 4. As sometimes detected with infected patients, IL- 
2 induces a stronger proliferation than CD28, mainly 
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concerning however the CDS cells not affected by HIV (see 
table I). This proliferation is not affected by HAART, 
whereas the aCD 2 8 - i ndu c e d proliferation was improved by 
HAART (see Fig. 10). 



2.6: Influence of aCD2 8/HAART on the virus replication. 

The virus replication in PBMC of H I V - 1 - i n f e c t e d persons was 

examined. In weekly intervals a free remainder was examined 

for the presence of P 24Gag (virus protein) . HAART was 

employed as in example 2.5. - + - means here and in the 

following the application of the respective drug, "-" 

absence. From Fig. 11 can be seen that the aCD28 

With 



stimulation also induces a massive virus production 
simultaneous HAART the virus production is however com- 
pletely suppressed. PHA is p hy t ohe ma g g 1 u t i n i n for 
comparison purposes. 



2.7: Loss of the HIV-1 production after treatment with 
aCD28 and HAART. 

in Fig. 12 are shown the results of a test series, wherein 
PBMCpof ^an HIV-1- infected person was treated until day 6 
according to the table. From day 6 to day 9, a pure HAART 
treatment followed, and then a treatment with aCD28 (also 
called ComMCD28) from day 9 to day 14. The results confirm 
the ones from example 2.7, since according thereto even 
after renewed stimulation of cell cultures of HIV-infected 
PBMC, no virus production was detected after termination of 
the HAART therapy- 



2.8: Loss 
aCD28 and 



of pro-viral HIV DNA, 
HAART . 



too. 



after treatment with 
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PBMC isolated from an H I V - 1 - i n f e c t e d person were cultivated 
according to the table and treated in vitro (drugs and drug 



amounts as in example 2.5) . On the ll c 
an H I V - 1 - sp e c i f i c DNA-PCR was performed 



day of cultivation, 



5 a) external; primer: 

JA4 ( gagl3 1 9 - 1 3 3 8 ) : gaa ggc ttt cag ccc aga ag 
JA7 (gagl 6 1 5 - 1 5 96 ) : tct cct act ggg ata ggt gg 
Annealing temperature: 47 °C; 42 cycles. 

b) nested; primer: 
10 JA5 ( gagl4 4 6 - 1 4 6 5 ) : acc ate aat gag gaa get gc 
JA6 ( gagl 5 7 7 - 1 5 5 8 ) : tat ttg ttc ctg aag ggt ac 
Annealing temperature: 45 °C; 25 cycles. 

In Fig. 13 can be seen that pro-viral HIV 
detectable for a combined treatment with 

15 monoclonal antibodies employed according to the invention, 
whereas in other cases of the table pro-viral HIV was 
always present. This demonstrates in a test system coming 
very close to the situation of the complete organism the 
successful destruction also of the reservoir of pro-viral 

20 structures by the invention. 



DNA l s 
HAART 



not 
and 



